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MASSACHUSETTS 


ZERNIKE  ABERRATIONS  AND  THEIR  FAR  FIELD  INTENSITIES. 


We  present  In  this  report  the  phase  of  a  wave  front  as  described  by  the 
Zernike  polynomials^  and  the  corresponding  intensities  in  the  focal  plane. 

All  aberration  up  to  n=8  are  included.  The  numbering  of  the  Zernike 
aberration  is  shown  in  Table  I. 

If  the  phase  is  expressed  in  terms  of  Zernike  polynomials 
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then  the  variance  of  the  phase  becomes 
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We  present  two  sets  of  figures:  The  phase  of  the  aberrations  on  the 
unit  circle  (in  radians)  and  the  intensity  in  the  focal  plane  on  a  grid 
spaced  by  RA/D  (with  a  contourline  spacing  of  2dB).  A  uniform  intensity 
distribution  is  assumed  for  the  aperture.  The  Strehl  ratio  (peak  intensity) 
is  indicated  on  each  figure  and  also  given  in  Table  I.  The  extended  Marshal 
formula  exp-$*>  gives  a  value  0.674  for  the  Strehl  ratio.  Only  the  cos  me 
tehns  are  presented  because  the  sin  me  terms  can  be  obtained  by  a  rotation. 
The  assignment  of  the  orders  is  in  accordance  with  Ref.  1.  Sec.  5.1  which  was 
uses  m  +  n  for  the  order  of  wave  aberrations. 


The  far  field  Intensities  were  calculated  using  a  descrete  Fourier 
transform  with  a  256  by  256  computational  mesh  for  most  cases.  For  some 
aberrations  (k-16,  29,  37,  42)  512  by  512  mesh  points  were  used. 


The  most  striking  feature  of  the  Irradiances  is  the  shape  of  the 
central  lobe  which  is  nearly  constant  for  higher  aberrations  (n>5). 


^M.  Born  and  E.  Wolf,  Principles  of  Optics  (Pergamon,  New  York,  1965), 
Sec.  9.2. 
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Table  1 


/ernike  Aberrations 
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a)  Chosen  to  give  a  mean-square  phase  deformation  of  a/10  for  each 
aberration. 


2 


1980 


1980 


1980-4 


1980-42 


1980-42 


1980- 


TH  1980-4 


1980-42 


LUCKY  CLOVER 
(TENTH  ORDER) 


1980-42 


TN  1980-42 


1980 


TN  1980- 


TN  1980- 


( EIGHTH  ORDER) 


TN  1980 


TN  1980- 


( TWELFTH  ORDER) 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  FACE  <9km»  Dm*  Sutrti) 


)  REPORT  DOCUMENTATION  PAGE 


I.  REPORT 

_  ,1 


1.  OOVT  ACCESSION  NO. 


TR-80-188 


READ  INSTRUCTIONS 

_ BEFORE  COMPLETING  FORM 

3.  RECIPIENT'S  CATALOG  NUMBER 


FI  OF  REPORT  A  PERIOD  COVERED 


Zernlke  Aberrations  and  Their  Far  Field  Intensities  #  y 


\  1.  AUTHORS 


I  I) 


IT)  ;  >  C 


JJ  Technical  ^iote  j  / 

S.  PERFORMING1  ORG.  REPORT  NUMBER. 

Technical  Note  1980-42 


F19628-8O-C-OO02  ^ 


*.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Lincoln  Laboratory,  M.LT.  ' 

P.O.  Box  73 
Lexington,  MA  02173 

U.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Sea  Systems  Command 
High  Energy  Laser  Project  Office 
Washington,  DC  20362 

14.  MONITORING  AGENCY  NAME  4  kOOUtii  (if  iiffcr**  fmm  CimnmHimt  OfficcJ 


AREA  t  WORK  UNIT  NUMBERS 


Program  Element  No.  63754N 


Electronic  Systems  Dlvisixm, — s 
Han  scorn  AFB  /  IlL  I  ■ 

Bedford,  MA  01731  f  /|T/ 

1*.  DISTRIBUTION  STATEMENT  (•/ tkia  Kf»nJ 


/.• .  >■'  i-l 


IS.  SECURITY  CLASS,  (of  tkia  report) 

Unclassified 


15a.  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (of  lAa  okelnct  Ml orei  la  Black  30,  if  different  from  B apart) 


l«.  SUPPLEMENTARY  NOTES 


It.  KEY  WORDS  (Continue  on  rovorto  Midi  if  M«n«y  md  identify  by  block  number) 


Zernlke  polynomials 


focal  plane 


Fourier  transform 


3D.  ABSTRACT  (Conti***  #a  rarer ee  alia  If  meceeeery  mi  identify  By  Neck  amber) 


We  present  In  this  report  the  phase  of  a  wave  front  as  described  by  the  Zernlke  polynomials 
and  the  corresponding  intensities  In  the  focal  plane. 


00  ,  1473  EDITION  OP  1  NOV  «S  It  OBSOLETE 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PA0E  rtken  Dm  Cm, red) 


idus'.o 


